Creep Behaviour of 9CrMoNbV (P91) Steel Having a Small Amount of Boron  by Baral, J. et al.
 Procedia Engineering  55 ( 2013 )  88 – 92 
1877-7058 © 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of the Indira Gandhi Centre for Atomic Research.
doi: 10.1016/j.proeng.2013.03.224 
6th International Conference on Cree
Creep Behaviour of 9CrM
Amo
J.Baral*a, J.Sw
aDepartment of M
Indian Institu
bNational Metallurgica
Abstract 
Boron is added to creep resistant 9CrMo Ferritic st
critical heat affected zones of welded super-heater t
However similar data on boron containing P91 steel
and stress rupture data on this steel at several stresse
creep resistance marginally higher than that of P91gra
cases were found to be very high. This trend is simila
revealed reduction in dislocation density, coarsening 
concluded that creep rate decreases initially with decr
increases as a result of coarsening of sub-grains and p
© 2013 The Authors. Published by Elsevier Ltd
Gandhi Centre for Atomic Research. 
Keywords: P91B steel; short term creep stability; Microstruc
1. Introduction 
Although 9Cr1Mo (P9) steel is a popular ma
oxidation resistance it was rarely used as super 
inferior creep resistance in comparison to 2.25
alloy ferritic steels is limited to 550oC. The mai
generation and cut down CO2 emission was the 
the range of 600/650oC[2, 3]. Ferritic steel was 
required temperature capability because of its 
Studies at Oak Ridge National Laboratory du
*
 Corresponding Author:  
 E-mail address: jayshree2k4@gmail.com 
p, Fatigue and Creep-Fatigue Interaction [CF-6
oNbV (P91) Steel Having a Smal
unt of Boron 
aminathanb, R.N.Ghosha 
etallurgical & Materials Engineering 
te of Kharagpur, 721302, India 
l Laboratory, Jamshedpur, 831007 India 
eel to overcome the problem of type IV cracking encountered
ubes. Considerable amount of creep data are available on P9
 are not readily available in open literature. The paper present
s in the temperature range of 600-650oC. Comparison revealed
de steel reported in NIMS creep database. The initial creep rate
r to that in steel without boron. The microstructure of crept sp
of sub-grains as well as precipitates as a result of creep exposu
easing dislocation density until it reaches a minimum and there
recipitates. 
. Selection and/or peer-review under responsibility of the 
ture; creep curve; creep mechanism
terial for heater tubes in oil refineries because of its ex
heater / re-heater tubes of power plants because of its rel
Cr1Mo (P22) steel[1]. However temperature capability 
n challenge during 1960/70 to improve the efficiency of 
availability of material which could withstand a tempera
preferred even though austenitic steels were known to ha
high thermal conductivity and lower coefficient of expa
ring this period revealed that the key to improve the
] 
l 
 in the 
1 steel. 
s creep 
that its 
s in all 
ecimen 
re. It is 
after it 
Indira 
cellent 
atively 
of low 
power 
ture in 
ve the 
nsion. 
 creep 
Available online at www.sciencedirect.com
 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and pe r-review under responsibility of the Indira Gandhi Centre for Atomic Research.
89 J.Baral et al. /  Procedia Engineering  55 ( 2013 )  88 – 92 
resistance of 9Cr1Mo steel was to ensure that Mo remains in solid solution by adding strong carbide former 
like Nb / V[4] .Ever since several improved grades of high alloy ferritic steels having 9-12%Cr were 
developed. Each one of these has better creep and oxidation resistance and therefore higher temperature 
capability than P22 steel. Amongst them P91 having 9Cr1MoNbV is currently the most popular grade of steel 
for super critical power plants. However later it was found to suffer from a problem often referred to as type IV 
cracking. This occurs in the inter-critical heat affected zones of welded pipes in presence of structural 
constraint. Addition a small amount of B to this steel is thought to be a possible solution. At present a grade of 
steel known as P91B having exactly similar amounts of alloy elements as in ASME SA335 for P91 steel with a 
little B (120ppm) is commercially available  [5].This being a relatively new creep data on P91B steel is not 
readily available in open literature. This paper presents creep data on this steel over a range stress and 
temperature and to compare the same with those of P91. Attempt has also been made to explain the mechanism 
of creep strain accumulation through examination of the micro-structural changes.  
2. Experimental Details 
Cylindrical creep test specimens of 25mm gauge length were made from a 12 mm thick hot rolled steel plate 
conforming to P91B grade steel. The plate was austenitized at 1050oC and subsequently tempered for 3 hours at 
760oC before machining the specimens. Creep tests were performed on MAYES constant load creep testing 
machine (Model TC 30) having automatic lever leveling facility. Extension rods were mounted on a pair of 
ridges on the standard creep test specimen to facilitate creep strain measurement using a pair of LVDTs. 
Furnace temperatures were monitored with the help of 3 thermocouples fixed on the specimen. Test 
temperature was controlled within ±2oC using programmable controller. A typical creep curve is shown in Fig 
1(a). Hardness measurements were taken on samples cut from different parts of the ruptured specimen shown 
in Fig 2(b) using INDENTEC hardness tester using Vickers scale with 30kg load. Averages of 10 readings are 
shown in Fig 2(a). Thin foils were prepared from discs cut from virgin as well as creep ruptured  specimens by 
twin jet electro polishing unit using 90vol% acetic acid (CH3)COOH and 10vol% perchloric acid  (HClO4) 
solution for examination under PHILIPS TEM ( Model CM 200,200 kV). Typical microstructures are given in 
Fig 3.  
 
 
Fig.1 (a) A typical creep strain-time plots at 650oC 80Mpa. (b) Log (strain rate) versus Log(time) plot at 650oC for P91B steel. 
(a) (b)
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Fig. 2 (a) Macro photograph of a creep ruptured sample showing prominent necking. Test conditions: Temperature 650oC  stress: 80 MPa, 
Rupture time: 3084 h. (b)Vickers hardness measurement. 
3. Results and Discussions 
Creep strain (İ) – time (t) curve at 80MPa /650oC is shown in Fig.1 (a). The creep deformation of P91B steel 
is characterized by negligible instantaneous loading strain, a very small primary creep strain and a sizable 
secondary stage characterized by constant strain rate followed by a prominent tertiary creep regime. The 
increase in strain during the tertiary stage is large in comparison to those observed during the primary and 
secondary creep regimes. A creep curve in terms of creep rate (ߝሶ) with time (t) in load 650oC is shown in Fig.1 
(b). This exhibits a systematic decrease in creep rate with time to a minimum followed a rapid increase in creep 
strain accumulation rate during the tertiary stage. A rapid increase of strain is observed as a result of necking 
just before fracture. This is evident from photograph of ruptured test specimen Fig.2 (a).  
The logarithm of minimum creep rates (ߝሶ௠௜௡) obtained from such curves have been plotted as a function of 
logarithm of stress (σ) in Fig. 3(a). This shows stress dependence trend at different temperatures (T). The fact 
that best fit lines are parallel irrespective of test temperature indicates that the minimum creep rate for this steel 
can be represented by Norton power law given by: 
ߝሶ௠௜௡ ן ݁ݔ݌ ቀെ
ொ
ோ்ቁ ߪ
௡     (1) 
Q in the above expression denotes activation energy, R is the universal gas constant and n is the Norton stress 
exponent. Over the stress and temperature range Q and n values for this steel are found to be 636 kJ/mole/K 
and 10.9 respectively. These are similar to those of 9CrMo steel with or without Nb V addition but no boron as 
reported in literature [ 6,7].  
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